The effect of epidural blockade on postoperative hypercoagulability was assessed in patients undergoing elective abdominal aortic bypass surgery. Twenty patients were randomised to receive general anaesthesia alone, or general anaesthesia plus thoracic epidural blockade with 0.5% bupivacaine. It was found that the addition of epidural blockade did not alter the postoperative increase in plasma fibrinogen, factor VIII coagulant, or aI-antitrypsin. Similarly, epidural blockade did not affect the postoperative decrease in antithrombin Ill. The results suggest that epidural blockade with local anaesthetic agents does not prevent the postoperative hypercoagulability response following abdominal aortic bypass surgery.
Major surgery is associated with an increase in coagulation factors in the postoperative period. 1, 2, 3 The increase in coagulation factors contributes to postoperative 'hypercoagulability', which may be one of the factors involved in the development of venous or arterial thrombosis in the postoperative period. 4 ,5 Patients undergoing major vascular surgery have a high incidence of postoperative thrombotic complications, and have a marked postoperative hypercoagulability response. 6 It has recently been suggested that postoperative hypercoagulability contributes to the high incidence of thrombotic complications following major vascular surgery. 7 Epidural blockade with local anaesthetic agents is often used to reduce sympatho-adrenal and other stress responses to major surgery.8 Epidural blockade has also been shown to reduce postoperative thrombotic complications, and to improve outcome. 7 ,8,9 However, it is not known whether the reduction in thrombotic complications associated with epidural blockade is due to reduction of pain and haemodynamic responses alone, or whether epidural blockade also reduces postoperative hypercoagulability. 10,1 I Nevertheless, it is known that sympathetic stimulation increases factor VIII levels I2 and may also affect fibrinolysis. 4 Therefore, there is at least some physiological basis to the hypothesis that epidural blockade (by reducing sympathetic output) attenuates perioperative changes in coagulation. The aim of the current study was to examine the effect of epidural blockade with bupivacaine on postoperative coagulability in patients undergoing elective abdominal aortic bypass surgery. METHODS The study was approved by the Human Rights Committee of the University of West em Australia. Written informed consent was obtained from all patients who participated. Inclusion criteria required patients to be undergoing elective abdominal aortic bypass surgery for either infrarenal aortic aneurysm or for aort<H>cclusive disease. Preoperative exclusion criteria included a history ofhaematological, hepatic, or renal disease, recent anticoagulant therapy, or a contraindication to thoracic epidural anaesthesia. Postoperative exclusion criteria included perioperative blood loss in excess of 3.5 I, a requirement for clotting factors or platelets, or postoperative bleeding requiring surgical re-exploration. Anaesthesia: Patients were randomized into two groups:
Group I received general anaesthesia (GA) alone.
Anaesthesia was induced with thiopentone 4-5 mg.kg-I IV and either fentanyl 2 Ilg.kg-I IV or morphine 0.1 Ilg.kg-I IV. Anaesthesia was maintained with 66% nitrous oxide in oxygen, supplementary doses of fentanyl or morphine, and low concentrations of halothane, enflurane or isoflurane. Muscle relaxation was achieved with vecuronium. Intraoperative hypertension was controlled, if necessary, by infusion of glyceryltrinitrate 1-5 Ilg.kg-I.min-I IV. At the end of the procedure, residual neuromuscular blockade was reversed with neostigmine, and patients were extubated prior to being transferred to an intensive care unit. Postoperative analgesia was achieved with morphine 2-4 mg.hrl IV by continuous infusion. Group 2 received GA plus thoracic epidural blockade. General anaesthesia was similar to Group I. However, prior to the induction of anaesthesia a 16 gauge epidural catheter was inserted in a mid to low thoracic vertebral interspace (T7/8-TlI/12). Up to 10 ml of 0.5% bupivacaine plain was used to establish an epidural block with an upper dermatomal level of at least T4. Supplementary doses of bupivacaine 0.5% plain 3-5 ml were used intraoperatively. Intraoperative hypotension was avoided where possible by preoperative intravenous fluid loading. If hypotension occurred it was treated with boluses of metaraminol 0.5 mg IV, or a continuous infusion of metaraminol 1-10 mg.hrl IV, or a combination of both. Postoperative analgesia was achieved with epidural bupivacaine 0.1 % plain 10-15 ml.hr l by continuous infusion for 36-48 hrs.
In both groups heparin 100 U.kg-I IV was given prior to aortic crossclamp. No other anticoagulants were administered and no protamine was used.
Blood Transfusion and Fluid Management: Maintenance fluid requirements and third space losses were replaced with an isotonic crystalloid solution (compound sodium lactate). Patients receiving epidural blockade had additional intravenous fluid loading with one litre of crystalloid solution. The first 500 m1 of blood loss was replaced with 3.5% polygeline (Haemaccel™, Beringwerke, Marburg, Germany). Further blood loss was replaced with a stable human plasma protein solution and homologous packed red cells. Postoperatively, a combination of crystalloid and colloid solutions was used to maintain normal central venous pressure and urine output. Further transfusions of homologous packed red cells were used to maintain haemoglobin levels above Ilg.dl-l .
Blood Tests: Blood samples were obtained from a large peripheral vein preoperatively on the day of surgery (day zero), and on days two and four postoperatively. The samples were collected into tubes containing one part 3.8% sodium citrate per nine parts blood. The plasma was separated following centrifugation at 2000 G for 15 min at 10°C and was stored at -70°C. Fibrinogen (FIB) was measured using an Automated Coagulation Laboratory (ACL) (Model 810, Instrumentation Laboratory, Milan, Italy).13 Factor VIII coagulant (VIIIC) was measured on the ACL using a one stage clotting assay with specific factor VIIIC deficient plasmaY ai-antitrypsin was measured on a laser nephelometer (Module 11, Behring, Marburg, Germany).14 Antithrombin-Ill (AT-Ill) was determined using a chromogenic method. IS Statistical Analysis: The values for each parameter on days zero, two, and four were compared between the groups using two-tailed unpaired t tests. Because multiple simultaneous comparisons were performed, a Bonferroni correction was used and only P values < 0.01 were considered significant.
RESULTS
Twenty-four patients were recruited into the study over a twelve-month period, and were randomized into two equal groups. Two patients in each group were withdrawn prior to day two due to perioperative blood loss in excess of 3.5 I, or continued bleeding requiring surgical re-exploration. No further data was collected in these patients. This left ten patients in each group. The final groups were similar with regard to age, weight, estimated intraoperative blood loss, perioperative blood transfusion and duration of surgery (Table I) . However, the sex distribution was skewed with four females in Group I and no females in Group 2 (Table I) .
The postoperative changes in FIB, VIIIC, ai-antitrypsin and AT-Ill are shown in factors were within the normal range. There were large increases in FIB, VIIIC and aI-antitrypsin in both groups on days two and four postoperatively. Similarly, there were large decreases in AT-Ill in both groups on days two and four postoperatively. However, there were no significant differences between the groups in any of the factors at any time (P> 0.20 in all cases). DISCUSSION The results of this study suggest that epidural blockade does not reduce the postoperative hypercoagulability response in patients undergoing abdominal aortic bypass surgery. We measured FIB, VIIIC, aI-antitrypsin and AT-Ill, because these factors have been shown previously to be markers of postoperative hypercoagulability.I,3,5 Moreover, there are large changes in these factors following abdominal aortic bypass surgery.6 FIB and VIIIC are important clotting factors and aI-antitrypsin is a major anti-fibrinolysin. 16 Increases in these factors result in increased blood coagulability.5 AT-Ill is a major natural anticoagulant. 17 Decreases in AT-Ill increase the risk of thrombosis.1 7 The increases in FIB, VIIIC and aI-antitrypsin are probably part of the 'acute phase' response to tissue injury. IS The reduction in AT-Ill may be due either to dilution or increased consumption in the perioperative period. There were no significant differences between the 'GA alone' group (Group I) and the 'GA plus epidural' group (Group 2) in relation to any of these factors. However, due to the small sample size the possibility of a type 11 error cannot be excluded in any or all of the comparisons. Nevertheless, there was no trend to a reduced response in the GA plus epidural group in any of the factors. This suggests that if there is a real difference between the groups, it is likely to be small.
The study was designed so that the main difference between the study groups was the addition of epidural blockade in Group 2. The groups were similar in regard to demographic and intraoperative variables, with the exception of a skewed sex distribution. However, there is no evidence that hypercoagulability responses are sex related. For patients in Group 2, epidural blockade was ensured intraoperatively by appropriate preoperative dosing with 0.5% bupivacaine and by supplementary doses if haemodynamic responses to surgical stimuli were observed. In this way, clinically acceptable intraoperative epidural blockade was established in all Group 2 patients. Similarly, for Group 2 patients, effective epidural analgesia was provided postoperatively.
There have been few previous studies which have examined the effect of epidural blockade on postoperative coagulation factors. Rem et al. compared the coagulation response in 12 women undergoing hysterectomy under either general or epidural anaesthesia. 19 They found that there was no difference in the coagulation or fibrinolytic response between the groups, but that the increase in VIIIC was smaller in the epidural group. Modig et a/. compared coagulation and fibrinolysis in patients undergoing either general or epidural anaesthesia for total hip replacement. 2o They found that fibrinolysis inhibition and the capacity for activation ofVIIIC was lower in the epidural group.
The findings of the current study cannot be directly compared to either of these studies. We studied a different surgical population and procedure, and our epidural group also received GA (i.e. we did not compare GA alone vs epidural alone).
More recently, Tuman et al. examined thromboelastographic (TEG) changes in patients undergoing peripheral vascular reconstruction under either GA alone, or GA plus epidural anaesthesia. 7 They found that there were no differences between the groups in regard to r or k values of the TEG. However, the maximum amplitude (MA) of the TEG was slightly reduced in the epidural group on the first postoperative day. A reduction of rand k values usually indicates hypercoagulability, while reduction of MA (without changes in r or k) suggests abnormal platelet function. 21 Several previous studies have shown that epidural blockade alters platelet function. 22 Therefore the observations of Tu man et a/. were consistent with the known effects of epidural blockade on platelet function, but did not demonstrate an effect of epidural blockade on postoperative hypercoagulability per se. Moreover, Tuman et al. did not examine TEG changes after the first postoperative day.
Our results do not discount a beneficial effect of epidural blockade on the incidence of postoperative thromboembolic complications. Several previous studies have shown that patients undergoing epidural anaesthesia have a lower incidence of thrombotic complications than patients undergoing GA alone. 7 ,8,9 However, our results suggest that the lower incidence of thrombotic complications is unlikely to be due to prevention of the postoperative hypercoagulability response.
In summary, the results of this study demonstrate that following abdominal aortic bypass surgery there are large changes in FIB, VIIIe, ai-antitrypsin and AT-Ill. These changes favour the development of hypercoagulability in the postoperative period. The extent of the changes is similar in patients receiving GA alone and in those receiving GA plus epidural blockade with bupivacaine. This suggests that epidural blockade with local anaesthetic agents does not alter the postoperative hypercoagulability response following abdominal aortic bypass surgery.
